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Very  Low  Frequency  (VLF)  (3-30  khz)  radio  waves  are  exceptionally  useful  for 
long  range  navigation  systems  such  as  the  OMEGA.  Anomalies  In  the  earth's 
upper  atmosphere,  specifically  the  ionosphere,  can  introduce  significant  errors 
Into  these  systems.  This  technical  memorandum  describes  these  anomalies  and 
introduces  the  products  available  from  AFGWC  which  may  help  the  navigator  to 
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INTRODUCTION 

Radio  waves  in  the  Very  Low  Frequency  (VLF)  part  of  the  radio 
spectrum  are  generally  reliable  and  consistent  enough  for  use  in 
navigation  systems  on  ships  and  aircraft.  VU1  radio  waves  travel 
thousands  of  miles  following  the  curvature  of  the  earth  through  a 
natural  "duct".  The  lower  boundary  of  this  duct,  the  earth's  surface, 
is  only  of  minor  consequence.  The  upper  wall  of  the  duct,  the  D- 
region  of  the  ionosphere,  while  normally  well  behaved,  is  subject 
to  variations,  both  gradual  and  impulsive.  This  paper  will  describe 
those  variations.  In  addition,  descriptions  of  several  bulletins 
issued  by  the  Air  Force  Global  Weather  Central  (AFGWC)  are  provided. 
The  proper  interpretation  of  these  bulletins  can  provide  the  navigator 
sufficient  information  to  determine  the  reliability  of  his  VLF  system. 


PROPAGATION  OF  VLF  RADIO  WAVES 

Vlf  radio  waves  travel  outwards  from  the  transmitter  via  two  basic 
modes  (Figure  1).  The  first,  called  the  "ground  wave",  will  travel 
to  distances  of  500  miles  or  more  depending  on  the  electrical  conductivity 
of  the  surface  terrain  over  which  it  is  travelling.  The  second  mode, 
the  "sky  wave",  permits  a VLF  signal  to  travel  thousands  of  miles 
around  the  earth.  It  is  the  mode  which  is  most  useful  for  long  range 
navigation  systems  such  as  the  OMEGA.  Note:  Mode  interference  between 
ground  wave  and  sky  wave  within  500  miles  of  an  OMEGA  transmitter 
will  result  in  significant  position  errors  if  those  signals  are  used. 

By  monitoring  the  signals  from  two  or  more  widely  separated  VLF  trans- 
mitters and  using  triangulation,  the  navigator  can  fix  his  position 
reasonably  well  over  any  point  on  the  earth  to  within  a few  miles 
(Figure  2).  By  using  three  or  more  transmitter  signals,  a simple 
ionospheric  computer  model,  and  time  phasing  techniques,  the  positional 
error  can  be  reduced  to  a few  tenths  of  a nautical  mile.  As  pointed 
out  earlier,  the  "duct"  through  which  the  VLF  sky  wave  signal  travels 
is  composed  of  the  earth's  surface  as  the  lower  boundary  and  the 
ionospheric  D region  as  the  upper  boundary.  Variations  in  the  D region 
height  will  influence  the  reliability  of  positional  information  provided 
by  Navigational  Computer  Systems  (NCS)  used  with  the  OMBGA  system. 

The  next  section  will  address  these  variations. 


THE  D REGION 

The  D region  of  the  ionosphere  is  formed  and  maintained  primarily 
by  the  absorption  of  X rays  and  Extreme  Ultra  Violet  (EUV)  rays  from 
the  sun  (Figure  3) . Over  higher  latitudes  the  D region  is  also 
maintained  by  particles  precipitating  inwards  from  space.  During  the 
sunlit  hours  the  height  of  the  D region  is  near  35  miles.  At  night, 
when  solar  radiations  are  cut  off,  this  height  increases  to  about  55- 
60  miles.  (Figure  4).  The  diurnal  variation  is  reasonably  consistent 
and  can  be  easily  modelled.  It  is  the  sharp  variations  in  the  reflection 
height  due  to  impulsive  solar  flares  that  produce  the  most  serious 
problems  on  VLF  navigation  systems. 
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THE  SOLAR  FLARE  EFFECT 


Solar  flares  are  violent  outbursts  in  the  solar  atmosphere  where 
energies  equivalent  to  several  million  atomic  bombs  are  released  over 
a short  period  of  time.  With  a large  solar  flare,  powerful  streams 
of  X rays  spread  outwards  into  space  and  intercept  the  earth  in  its 
orbit.  These  X rays  are  absorbed  in  the  ionospheric  D region  resulting 
in  an  abrupt  "lowering"  of  the  upper  boundary  of  the  VLF  radio  duct. 

(Figure  5) . The  net  result  is  a reduction  in  distance  the  radio  wave 
must  travel  between  transmitter  and  receiver.  When  the  reduction  in 

distance  occurs,  a transmitted  pulse  on  the  VLF  signal  will  arrive  at  i 

the  receiver  sooner  than  the  NCS  has  accounted  for,  and  could  produce 
a significant  positional  error.  With  a large  flare,  the  error  on  a 
single  path  could  be  as  much  as  15  or  20  miles.  This  phenomena,  when 
associated  with  a large  solar  flare,  is  called  a "Sudden  Phase  Anomaly" 

(SPA)  and  may  last  up  to  4 hours.  These  outbursts  will  affect  only  ; 

those  paths  which  are  partially  or  totally  sunlit. 


POLAR  CAP  ABSORPTION  (PCA) 


On  occasion,  an  exceptionally  powerful  solar  flare  will  accelerate 
charged  particles  outwards  from  the  sun.  These  particles  can  travel 
the  earth-sun  distance  of  93  million  miles  in  as  little  as  12  minutes, 
but  normal  transit  time  is  from  2 to  12  hours.  On  arrival  at  the 
earth,  these  charged  particles  are  deflected  by  the  earth's  magnetic 
field  into  the  polar  caps  (Figure  6).  The  sudden  bombardment  of 
particles  into  the  polar  cap  D region  results  in  a lowered  reflection 
height  for  VLF  radio  signals.  The  height  reduction  can  produce  average 
position  errors  of  5 to  6 miles  on  a single  path,  but  larger  events 
may  produce  errors  of  12  to  15  miles.  Polar  cap  events  normally  last 
for  2 or  3 days,  but  further  large  solar  flares  may  compound  PCA's 
in  progress  such  that  polar  VLF  circuits  may  be  unreliable  for  7 to 
10  days  at  a time. 


GEOMAGNETIC  STORMS 


Disturbances  in  the  earth's  magnetic  field  may  occur  at  any  time, 
but  the  strongest  storms  are  associated  with  major  solar  flares.  At 
the  time  of  flare  eruption,  large  volumes  of  low  energy  particles 
escape  the  solar  atmosphere  and  arrive  at  the  earth  some  2 or  3 days 
later.  (This  arrival  is  often  coincident  with  the  declining  phases 
of  the  solar  flare  induced  polar  cap  absorption) . Since  these  particles 
are  charged,  they  are  also  guided  by  the  earth's  magnetic  field  and 
will  dive  into  the  upper  atmosphere  near  the  Auroral  Zones  (Figure  7) . 
Normally,  the  charged  particles  are  not  sufficiently  energetic  to 
penetrate  deeply  into  the  D region.  With  stronger  storms,  however, 
a significant  number  of  these  particles  can  reach  the  D region.  When 
this  occurs  the  reflection  height  is  lowered  and  VLF  paths  crossing 
the  Auroral  zones  may  be  affected  for  some  3 to  5 days.  Short-lived 
(1  hour  or  so)  "bursts"  of  geomagnetic  activity  often  occur,  at  times 
superposed  on  a general  major  disturbance.  These  bursts  of  activity 
are  called  "substorms". 
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SEQUENCE  OF  EVENTS  WITH  A LARGE  SOLAR  FLARE 

When  a major  solar  flare  occurs,  the  sequence  of  events  follows  a 
generally  predictable  pattern  (Figure  8) . The  immediate  effects  on 
VLF  paths  will  occur  in  the  sunlit  areas  of  the  earth  as  a result  of 
X rays  generated  by  the  flare.  The  anomalous  VLF  effects  will  subside 
after  1 to  2 hours  and  normal  propagation  resumes.  Some  2 hours  after 
the  flare  occurs,  the  first  energetic  particles  arrive  at  the  earth 
and  are  deflected  into  the  polar  caps.  With  the  onset  of  this  phenomena, 
VIJ  paths  crossing  the  polar  caps  (generally  poleward  of  about  65 
degrees  latitude)  become  disturbed,  a condition  which  may  persist  for 
2 to  3 days.  As  the  polar  cap  effects  subside,  a major  geomagnetic 
storm  begins  which  disturbs  VIF  paths  to  much  lower  latitudes  (as 
far  south  as  45-50°) . Further  major  flares  serve  to  compound  events 
already  in  progress.  During  the  three  year  period  centered  on  solar 
maximum,  the  ionosphere  may  be  disturbed  in  one  area  or  another  for  up 
to  75  percent  of  the  time. 


THE  SOLAR  CYCLE 

Impulsive  solar  activity  follows  closely  what  is  called  the  solar 
"sunspot  cycle".  The  sun,  over  the  past  200  years,  has  shown  a preference 
for  periods  of  "spottiness"  interspersed  with  periods  when  no  spots 
are  visible.  (Figure  9).  Over  a period  of  time,  a cyclical  pattern  with 
a mean  period  of  11.4  years  between  peaks  is  observed.  The  peaks  have 
varied  in  magnitude  from  a low  sunspot  number  near  40  (Cycle  #6)  to  a 
high  of  over  200  (Cycle  #19) . During  the  most  recent  solar  maximum 
(Cycle  #20)  the  sunspot  number  reached  108  in  late  1968,  a near-average 
peak.  The  most  recent  solar  minimum  occurred  in  mid- 1976  when  the  sun 
was  virtually  spotless  for  weeks  on  end.  Cycle  #21,  the  current  cycle, 
is  expected  to  be  a bit  more  active  than  the  mean  of  the  previous  20 
cycle*,  with  maximum  expected  in  late  1979-early  1980.  The  present  point 
in  time  (winter  1978-1979)  places  us  past  midway  in  the  rising  phase  of 
cycle  21.  The  number  of  solar  flare  induced  VLF  Anomalies  are  increasing 
in  occurrence  as  solar  activity  levels  rise  (Figure  10) . During  solar 
minimum  these  disruptions  occur  at  a rate  of  about  one  per  month.  During 
the  three  year  period  centered  on  solar  maximum  the  rate  of  occurrence 
will  average  about  once  per  day.  However,  even  during  solar  maximum, 
quiet  conditions  may  persist  for  several  days.  The  appearance  of  only 
one  active  solar  region  may  result  in  several  impulsive  VLF  disruptions 
per  day  for  up  to  13  days  at  a time.  (One  full  solar  rotation  takes 
about  27  days) . 

An  increase  in  polar  cap  events  also  occurs  concurrent  with 
the  approach  of  sunspot  maximum  (Figure  11) . These  events,  which 
occur  at  the  mean  rate  of  one  per  year  at  minimum,  will  occur  some  15 
to  20  times  per  year  in  the  solar  maximum  years. 

Geomagnetic  storms,  particularly  the  more  powerful  ones,  will 
increase  in  frequency  from  one  or  two  per  year  at  minimum  to  35  to 
40  per  year  at  maximum  (Figure  12) . It  is  expected  that  ionospheric 
disturbances  severe  enough  to  degrade  VLF  navigation  systems  will  be 
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present  some  75  percent  of  the  time  during  the  solar  active  years. 
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Summarizing  the  effects  a navigator  must  contend  with  when  a 
major  flare  occurs,  we  can  separate  in  time  the  immediate  and  the  , 

delayed  effects.  Solar  flares  which  produce  sufficient  X rays  to 
cause  immediate  VLF  anomalies  are  largely  unpredictable.  These 
anomalies  influence  only  those  VLF  paths  which  are  partially  or  totally 
sunlit,  and  may  persist  for  as  long  as  four  hours  with  a particularly 
large  flare.  As  the  effects  due  to  X rays  subside,  the  first  energetic 
particles  arrive  at  the  earth.  As  these  particles  possess  an  electrical 
charge,  they  are  deflected  by  the  earth's  magnetic  field  into  the  polar 
cap  regions  of  the  earth,  and  dive  deeply  into  the  D region.  Polar  cap 
effects  normally  begin  some  2 to  12  hours  after  the  parent  flare  and 
will  persist  for  2 to  3 days.  VLF  signals  crossing  the  polar  regions 
are  seriously  affected  in  phase,  rendering  them  unreliable  for  precision 
navigation  purposes.  Finally,  about  3 days  after  the  major  flare  a 
large  cloud  of  low  energy  particles  intercepts  the  earth.  These  particles 
are  deflected  into  the  auroral  zones  by  the  earth's  magnetic  field. 

This  process  results  in  a geomagnetic  storm  which  may  induce  VLF  pro- 
pagation anomalies  that  can  spread  well  southward  into  the  middle 
latitudes. 

A single  major  solar  flare  can  produce  ionospheric  disruptions  for 
as  long  as  7 days.  Compounded  events,  particularly  during  solar 
maximum,  may  result  in  disturbed  conditions  up  to  75  percent  of  the 
time. 


OTHER  VLF  PROPAGATION  ANOMALIES 

VLF  navigation  systems  are  subject  to  other  anomalous  propagation 
conditions  which  are  not  conveniently  categorized.  One  of  these  is 

the  phenomena  called  "wrong  way  propagation".  Schematically,  this  , 

condition  arises  when  radio  signals  from  a given  transmitter  (which 

propagates  omnidirectionally)  do  not  travel  to  the  receiver  along  the 

shortest  (most  direct)  path  (Figure  13) . In  this  example,  a VLF  signal 

which  appears  to  be  coming  to  the  receiver  along  a given  path  is,  in 

actuality,  approaching  from  the  opposite  direction.  For  reasons,  not 

yet  explained,  the  signal  expected  to  cross  the  shortest  path  is  1 

absorbed  or  greatly  weakened  and  the  "wrong  way"  signal  becomes 

dominant.  This  condition  seems  to  be  most  common  on  nighttime  VLF 

paths  and  must  be  strongly  considered  when  relying  on  the  OMEGA,  as 

navigation  errors  of  several  nautical  miles  may  result.  , 

The  second  anomaly  occurs  when  a signal  transmitted  in  a westerly 
direction,  crosses  within  45  degrees  of  the  earth's  magnetic  equator,  to 
the  receiver  in  the  opposite  hemisphere.  (Figure  14) . The  problem  is 
most  common  during  the  nighttime  hours.  The  physical  reasons  for 
this  anomaly  are  unknown.  It  appears  to  be  the  result  of  an  unusual 
interaction  between  the  radio  signal  and  the  earth's  magnetic  field  such 
that  a significant  change  in  signal  speed  occurs.  The  net  result  at 
the  receiver  is  an  apparent  change  in  distance  to  the  transmitter.  As 
examples,  navigational  accuracy  could  be  seriously  affected  along  the 
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East  Coast  of  the  U.S.  if  the  OMEGA  signals  from  Liberia  were  used. 

The  same  problem  would  arise  in  the  vicinity  of  Australia,  if  the 
Hawaiian  OMEGA  signals  were  used.  Position  fixing  errors  of  up  to  6 
nautical  miles  could  result  by  using  these  paths. 


USE  OF  AFGWC  PRODUCTS 

The  Space  Environmental  Support  Branch  of  the  Air  Force  Global 
Weather  Central  (AFGWC)  issues  several  bulletins  which  can  be  applied 
to  lessen  the  impacts  of  certain  solar  geophysical  activities  on  the 
OMEGA  navigation  system.  Some  of  these  bulletins  are  described  in  this 
section,  with  specific  recommendations  for  application  to  the  OMEGA 
system. 


PRIMARY  REPORT  OF  SOLAR  AND  GEOPHYSICAL  ACTIVITY 

This  is  a general  purpose  bulletin  issued  daily  near  2200Z 
(Figure  15) . 

Part  1A  of  this  bulletin  describes  the  various  sunspot  regions 
and  provides  a literal  summary  of  impulsive  solar  activity.  A general 
overview  of  solar  activity  levels  is  thereby  obtained. 

Part  IB  provides  an  estimate  of  expected  activity  levels  during 
the  following  24  hours. 

Part  II  provides  analyses  and  forecasts  of  geophysical  activity 
(Polar  Cap  Absorptions  and  geomagnetic  storms) . 

Part  III  contain  specific  probability  forecasts  for  impulsive 
solar  and  geophysical  events.  Forecasts  for  Class  M and  Class  X 
events  refer  to  the  likelihood  of  solar  X-Ray  events.  Class  M is 
considered  to  be  a minor,  but  potentially  significant  event.  The  major 
event  (Class  X)  will  most  assuredly  produce  impulsive  significant  effects 
on  sunlit  VLF  paths.  The  proton  event  forecast,  while  tailored  for 

satellite  systems  above  about  60  miles  may  also  be  translated  to  the  f, 

probability  of  a PCA.  The  PCAF  (Polar  Cap  Absorption  Forecast)  uses 

a color  code  convention  (GREEN,  YELLOW  or  RED) . A GREEN  forecast 

indicates  that  no  region  on  the  sun  is  deemed  capable  of  producing  a 

PCA  flare.  YELLOW  indicates  that  a complex  region  is  present  on  the 

sun  which  could  produce  a major  solar  flare  with  a resulting  PCA.  The 

word  RED  is  used  when  a major  solar  flare  has  oocurred  and  a PCA 

is  highly  likely  as  a result.  A PCA  in  progress  is  so  indicated. 

Generally,  a high  probability  (>  30  percent)  of  a Class  X flare  or  a 
Proton  Event  should  alert  the  navigator  that  a significant  VW  dis- 
ruption could  occur  on  any  partially  or  totally  sunlit  path  and  that 
close  attention,  including  more  numerous  navigational  checks,  is  re- 
quired. Should  such  an  event  occur,  little  warning  can  be  relayed  to 
the  flight  crew,  as  often  a sudden  phase  change  due  to  solar  flare 
X rays  is  aocompanied  by  a High  Frequency  radio  fade.  If  the  navigator 
suspects  that  an  energetic  X ray  event  is  in  progress,  he  might  request 
a High  Frequency  radio  check  from  the  airborne  radio  operator  on  a 
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sunlit  path  to  a ground  station  at  least  1000  miles  away.  If  HF  has 

concurrently  "dropped  out",  a strong  solar  flare  may  be  in  progress.  , 

At  this  point  deselection  should  begin  with  the  longest  sunlit  VLF 
paths  being  deselected  first. 

Part  IV  of  the  primary  bulletin  contains  observed  and  predicted 
values  of  the  overall  10.7  centimeter  (2800  MHz)  solar  radio  emissions. 

A 90  day  running  mean  of  the  daily  values  is  included  so  that  a 
comparison  can  be  made.  For  instance,  if  the  daily  value  is  significantly 
above  the  mean  (20  Units  or  more) , an  elevated  level  of  solar  activity  can 
be  expected,  with  a resulting  increase  in  impulsive  VIF  disruptions. 

Conversely,  if  the  daily  observed  value  is  20  units  or  more  below  the 

mean  (and  not  increasing)  the  likelihood  of  solar  flare  induced  VLF  • 

disruptions  is  small. 

Part  V of  this  bulletin  provides  observed  and  predicted  levels  of 
geomagnetic  activity.  The  value  identified  as  AP  is  used  as  an  overall 
index  of  geomagnetic  activity  and  runs  on  a scale  from  0 (extremely 
quiet)  to  400  (severe  geomagnetic  storm) . Generally,  the  navigator 
should  use  high  latitude  (60°  or  more  from  the  equator)  VIF1  paths  with 
caution  when  this  value  exceeds  25.  During  severe  disturbances  (AP,  100 
or  more)  Anomalous  VLF  propagation  conditions  may  occur  as  far  south  as 
40  degrees. 


HIGH  FREQUENCY  RADIO  PROPAGATION  REPORT 

This  report  is  issued  daily  at  0600Z  and  is  designed  primarily 
for  the  HF  radio  communicator.  (Figure  16) . However,  the  bulletin 
contains  information  in  Parts  II,  III  and  IV  which  can  be  useful  to 
the  navigator.  Part  II  provides  a general  description  of  ionospheric 
conditions  observed  during  the  previous  day.  Information  relating  to 
PCAs  and  geomagnetic  storms  can  be  extracted  for  VLF  circuit  analysis 
and  reliability.  Part  III  of  this  report  contains  a summary  of  solar 
flare  induced  ionospheric  disturbances  reported  during  the  previous 
radio  day.  Generally,  a strong  disturbance  noted  on  HF  systems  indicates 
disruption  of  VLF  as  well.  Part  IV  of  this  bulletin  contains  observa- 
tions and  forecasts  of  solar  10.7  Cm  radio  emissions  and  two  geomagnetic 
indices,  K and  Ap.  The  K value  is  a geomagnetic  index  indicating  the 
level  of  activity  on  a scale  from  0 (very  quiet)  to  9 (Severe  magnetic 
storm) . Ap  is  used  in  the  same  context  as  in  the  Primary  Report  of 
Solar  and  Geophysical  Activity.  High  latitude  (60°  or  greater)  VLF 
paths  will  become  degraded  when  K exceeds  4 or  Ap  exceeds  25.  The 
effects  will  extend  much  further  southward  with  larger  storms. 


THE  AFGWC  EVENT  WARNING  REPORT 

This  bulletin  is  issued  on  an  as  required  basis,  and  is  triggered 
by  any  of  several  solar  or  geophysical  events  (Figure  17) . Such 
activities  as  large  Solar  X ray  outbursts.  Polar  Cap  Absorptions  or 
geomagnetic  storms  are  sufficient  justification  to  initiate  an  event 
warning  report.  Due  to  higher  priority,  ti_ne  critical  tasks  dictated  by 


I 

I 

I 
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impulsive  solar  activity,  this  message  is  often  transmitted  one  half 
hour  after  the  event.  However,  every  attempt  is  made  to  relate  the 
activity  to  specific  system  effects  (HF  radio,  VLF,  UHF/VHF  radars, 
etc) . In  addition,  this  message  is  valuable  if  any  delayed  effects 
(PCA,  Geomagnetic  storms,  etc)  are  expected.  (Figure  18) . 


THE  SEVEN  DAY  OUTLOOK  AND  EXTENDED  PERIOD  REPORTS 

These  reports  are  issued  weekly  at  0800Z  Friday  and  0800Z  Monday, 
respectively.  The  seven-day  outlook  contains  estimates  of  the  expected 
level  of  solar  activity  for  the  following  week  (Figure  19) . The  same 
information  is  provided  for  a 27  day  period  on  the  extended  period 
report  (Figure  20) . Such  information  could  prove  useful  for  planning 
purposes  for  OMEGA  navigation  system  users. 


SUMMARY 


This  paper  has  dealt  mainly  with  impulsive  variations  in  the  near 
earth  environment  and  the  impacts  on  VLF  radio  waves.  Other  phenomena 
such  as  "Wrong-Way  Propagation"  and  the  "Westerly  Transmitted  Signal 
Anomaly"  are  poorly  understood  and  are  not  predictable.  However, 
awareness  of  such  problems  can  be  of  incalculable  value  to  the  navigator, 
particularly  in  those  geographic  areas  where  VLF  is  relied  upon  heavily. 
Predictions  of  large  solar  flares  which  can  cause  immediate  VLF  disrup- 
tions are  possible  only  in  terms  of  probability.  Once  a major  flare 
occurs,  however,  resulting  PCAs  and  geomagnetic  storms  can  be  predicted 
with  a high  degree  of  confidence.  A summary  of  these  phenomena  and 
expected  VLF  variations  is  contained  in  Figure  21.  It  is  realized  the 
navigator  may  not  be  fully  conversant  in  solar  and  geophysical 
terminology.  Further  information  and  lists  of  definitions  may  be 
found  in  the  Bibliography  publications  1 and  4.  By  coherent  inter- 
pretation and  application  of  the  information  available  from  AFGWC, 
the  impact  of  these  events  on  VLF  navigation  systems  can  be  lessened. 
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FIGURE  2,  Tril ate ration  using  the  OMEGA  Navigation  System 
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reduction  in  D Region  reflection  height  with  increased  ionizing  radiations 


FIGURE  10.  NUMBER  OF  IMPULSIVE  VLF  ANOMALIES  WITH  SUNSPOT  NUMBERS, 


1965  1969  197?  1977  1981  1985 

FIGWE  11.  N1MBSI  OF  POLAR  CAP  ABSORPTION  (PC A)  EVENTS  WITH  SUNSPOT  NUMBER.. 


/SESC  PRIMARY  REPOFT  OF  SOLAR  AND  GEOPHYSICAL  ACTIVITY  ISSUED  2200Z  22  NOV  1977 
ACTIVITY  WAS  LOW  UNTIL  22/0930Z  WHEN  THE  START  OF  AN  X-l  X-RAY  FLARE  WAS 


FIGURE  15.  A SAMPLE  PRIMARY  REPORT  OF  SOLAR  AND  GEOPHYSICAL  ACTIVITY. 
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FIGURE  16.  A SAMPT.E  PRIMARY  HIGH  FREQUENCY  RADIO  PROPAGATION  REPORT. 


SEVEN  DAY  OUTLOOK  ISSUED  0800Z  30  DEC  1977. 

■CTIVITY : 

lCTIVITY  SHOULD  BE  MODERATE  THROUGHOUT  THE  ENTIRE  PERIOD. 


Mean  Rate  Mean  Deviation  Max  Deviation  Mean  Max 

Solar  MAX  — lYear  Single  Path  Single  Path  Duration  Duration 
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FIGURE  21.  TABLE  OP  EFFECTS  TO  BE  EXPECTED  WITH  ELEVATED  LEVELS  OF  SOLAR  AND  GEOPHYSICAL  ACTIVITY. 


